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ABSTRACT

With ERS- 1 /2 satellite radar interferometry, it is now
possible to make measurements of glacier motion with
high accuracy and fine spatial resolution. We have
applied interferometric  techniques to map velocity and
topography for several outlet glaciers in Grecrrlanci, lior
the Humboldt and Petermann  glaciers, wc have combined
data from several adjacent tracks to make a wide-area
map that includes the enhanced flow regions of both gl:i-
tiers. Using these clata in combination with thickness
data from the University of Kansas Coherent Radar
I)epth Sounder (CORDS), we have estimated the dis-
charge flux of the Petermann  Glacier upstream of the
grounding line, thereby establishing the potential use of
MU-  1/2 itrterferometric  data for monitoring ice-sheet
discharge. Interferograms  collected along a single track
are sensitive to only one component of motion. By utiliz-
ing data from ascending and descending passes ancl by
making a surface-parallel flow assumption, it is possible
to ~neasure the full three-dimensional vector flow field.
We demonstrate the application of this technique for an
area on the Ryder Glacier. Finally, we have used IiRS - I /2
interferograms  to observe a mini-surge on the Ryder Gla-
cier that occurred in the F’all of 1995.

1. INTRODUCTION

Outlet glaciers are important elements of the great ice
sheets as their dynamics determine the rate of ice ciis-
cbarge and, thus, exert a strong influence on ice-sheet sta-
biiity. Studies of flow dynamics have been hindered by a
lack of data. Even with the advent of the giobal position-
ing system (GPS), ground-based surveys are expensive,
logistically-difficult, and provide measurements at only a
limited number of points. Feature tracking in pairs of
optical or SAR inla.ges can be used to measure velocity,
but this metimd does not work weli for the iarge, feature-
less areas that comprise much of the ice sheets. Recent

results indicate that satellite radar interferorrrctry  pro-
vicies an important new means for measuring ice sheet
velocity [Ref. i ] and topography [Ref. 2-4].

2. WI1)E-ARE:A VELOCITY MAPPING

Interfcrograrns  collected along a single track are sensitive
to surface topography and motion in the radar line-of-
sig}~t direction. Pairs of interferograms  can be differenceci
to cancei the effect of motion, which typically does not
vary with time on the ice sheets, particularity in the win-
ter. Such double-differenced  interferograrns  can be used
to cierive maps of surface topography [Kef. 2-4]. The
derived DI;Ms then can be used to cancel the effect of
topography in either of the originai interferograms  to
obtain a map of line-of-sight displacement [Ref. 5]. By
making a surface-parailel  flow assumption and by using
the interfermnetrically determined surface slopes, it is
possible to cancel some of the effect of verticai displace-
ment caused by flow over bumps [Ref. 5]. The remaining
verticai ciispiacemcnt can bc ignored to estimate the hori-
zontal velocity in the across track direction. The n]agni-
tudc of the error resulting from uncompensated vertical
displacement is typically a few percent of the aiong-track
(i.e., unknown) component of velocity.

We have applied this techni(iue to measure ice velocity
an(i topography at several sites in Greenland. An example
of this work is illustrated  in Figure 1. This figure  shows a
map of the across-track component of absolute velocity
for the Humboldt and Peterrnann glaciers in norlll-west
Grceniand.  Tie points from adjacent ice-free areas were
used to make the measurements absolute and to estimate
the baseiines  accurately. The ciata from diflercnt swaths
were processed independently and then mosaicked
togetim  without a(ijusttncrrt  so the good agreement
across swath boundaries indicates that we have achieved
a iow ievei of error. Because the across-track direction is



l~i.gLlm 1. Con(ouI map of tbc act-f ws-track  ct)lnponcnt of vcltri(y  for (I)c l’c(crll~:inn at~d }lull~hf)ld[  (;lacicrs  for the ar
indicated by a whi(c  rcctanglc  in l;lgurc 1. ‘1’bc  acrt)ss  (Mck diwclion is sligll(ly  dillkmn( for c:icb swath. ‘1’bc  approj
male across track dircclion  is indica(cd by an arrow  in lllc l(mcl Icll c(wtlcr. Con[(JLlr inlcival is 20 m/yr I(m vcloci(y  Ic
(ban 200 m/yr md is 100” m/yr for vai Llcs gw~[lcr than 2(K)  m/yr. Rcd Iincs indicalc I(walions  of CORI)S pt”ofilcs.
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I) LHI-ly aligned will) the flow dil-cclion, tbc error duc [0
Lltlcolll~>ctls:\tccl vcrlical displacement is sil)all.

‘1’bc velocity Inap was gcncra(cd Llsing data from boll)
tbc (andcm  mission and 3-day  pairs (rot)l the c(mllnis-
sioning and fitst icc pbmcs.  Wc acbil’vcd good c(wrcl;l-
(ion for both data se t s .  Wbcrc wc II;(VC  tl]c 3-day  da(n
and arc able to unwrap ii, errors al-c significantly  I(nvcr
with rcspccl  to tandcm  dala,  as wc bilvc lIIC lbrcc tit]lcs
lbc scnsilivily  (0 molion. l; O1-  (Ilc fasl ]n[wing regions ,
bmvcvcr,  (IIC 3-day  data were aliascd and \vc coLlld nlakc
n~casurcnlct~ls only Llsing,  tandcm data. ‘lo acc’Llratcly
t]] CaSLIt-C  tbc (LIII range 01 icc vclocilics  (i. e., 1 m/yr -
7000 ndyr) a range ol temporal tmsclincs is nccdcd rang-
ing Irom a lcw hours 10 tens of d:lys.

‘lhc VC]OCIIY m a p s  ll)diC:\[C (hill :l[lllollgb  (k }lLllllbOld[
and l)ctcrmann a r c  acljaccnt to cacti o[tlcr, tllcy tl:tvc
N)ucb  dillcrcnl flow patlcl-ns. ‘1’bc I)c(crlnann  is a f:lSl-
nloving ou(lc( glacier (bat is cbanncllcd  by a well dc\fcl-

opcd (iml  cx(cndit~g  back under  tbc ice. ‘1’hc  Ilow’  is
s[rtm:ly cx)nvcrgcnt  with peak speeds of ncnrly 12(K) m/
yt near (IIC gl{)Llnding  line. ~Jsillg icc tbickncss  data co-
Icc(cd will] LJnivmity  of Kansm C[)RI)S  wc \vcrc able

to cs(im:t(c  (bc [ILIX ol (I)c I’c(crlnann  as 12.7 km3/yr. ‘1’hc
}Iulnhold[  dischalgcs roughly Ilalf that volume across a
lilucb wider calving face, cxbibi(ins ~vcakly Cmvcrgcn(
(1OW  wi~ll much Sl(mCI-  [low speeds than lhc I’clcrmant).

Our vclocily nl:ip indicates that wide-ma mappin:  of
icc sbccls is p(msiblc wfiltwLlt  atly Iimitatim ilnposcd by
s~v:ilb  width and tbal  such data can bc used in cx)mbina -

li(m wi[ll icc tbickncss  d:ila 10 Incasutc icc discbargc  of
individ  Ll:tl drainogc basins.

3. 3-1) h4tiAS(JR}iMtiN’1’  O1; lC1i l;I.OW

‘1’I)c  icc vcloci[y Illcasurctllcnts  dcscribcd  in tbc prcvioLls
section aw Iinli(ccl as (l Icy yield 01)1)’ a single Colllponclll
(~1 Ill(ltion, \vllct-c:l\ \vc MX)uld  lihc 10 lnc;tww Il)c t’Llll



l;igL1l-c 2. }Iorimntal velocity field plo[(cd  OVCI (I)c SAR ampli(uclc im;lgc ol the Ryder Glacict. contour  in[crval  is
m/yl  - (cyan) for velocity Icss than 200 nl/yr :ind is 1 ()() n)/yr  (bl Llc) l[~r val Llcs grc:llcr [ban 200” n]/yr.  RCd amws indic
Ilow direction zmd have Ictlg(h proportional  (() speed.

Il]rcc’-c(l[}lpc)flc[lt  vccxor. ldcally, l}lis requires obscrvii-
lions from tracks with lhrcc dillemnl oricn(alions.”  I;or
ice, how,cwr,  wc can assume [hat flow is parallel [() sur-
fkc. ‘1’his :Illows us (o colnhirw data frorti :tsccndir]g  arid
descending passes uilh our irllcr-lc]orllcllic;illy  dc(el-
ll)il)Cd  kIK)WICd~C  of” SLIIINC Sk)pC (() IIIC;ISLIIC  [tIC fllii
vcl(wi[y vector [Ref. 6]. An example of’ (hc appliua(ioil
(JI (his technique (() (bc Rydc I- C]l:wict-, Nor(hcrn  C]wcrl-
land is shown  in I;igurc 2.

in makirlg  the sLlr12tcc-f~:lr2\llcl  [low assul]]plion wc have

ignored small deviations I“rom  sLIIliIcc-l):II; Illcl flow (i, c,,

lhc  sublucrgcncc  ard cmcrgcncc  vcloci[y). ‘1’hc d:I[d  pro-

vided will] (his mc(hod arc cxlr-cnlcly uscl’ul I(w Inosl icc
dyr]anlics  s tud i e s .  With a SAR IIm( car) ohsct-vc Iron)
botb sides, however, il would  bc possible  (() collccl da(d

Ir(m]  (hr’cc  directions alrd measure icc fl(w wi[h(m[
i,gll(wirlg lhc slllllllcrgc]lcc/c tllcl-gcl]cc vcl(wi[y.  Such d:ita
woLIld  bc cxlrcmc]y  USC(UI  for making I(wn!  icc-sbccl
(llickc[lillg/(t]itlrlillg  cslinlatcs, especially whcr] C(MII -
hincd with lwcr altirnc(cr  obscrva[ions.

20
[I(C

AIIIN)LIgl)  V.IC do no[ have .gr(mlr~d trLlth to lLIlly validntc
our rcsul(s, qu:ililativcly wc apl)car  ([) h:Ivc captured lhc
r]]air]  clcnlcn[s  ol (hc Ryder [I(N*, field, Irl places wt]crc
IIww  arc fknv slripcs (w olhcl indi[.al{m 01’ Ilmv dircc-
(i(m, \vc gcl g(Nd agrccnlcrl( wfitb (I)c r]]cawrcd Ilow
dircc(iorl.  ‘1’bus, with asccmlirlg arid descending d:il:i ii is
p(}ssiblc 10 map vcd(w ice 11OW over large arc:ti ml (tic
icc skcls. Although (hc nlosdicking i s  slighlly mom
colnplic:i[c(l, wlIcn  adcq LIatc asccn(ling  and dcscenditlg

data arc acquired it \\,ill hc pw+ihlc 10 IIIap vcc(m vcloc-
ily (JvcI cn[irc  icc sbcc(s.

4. MIN1-SURGH  013 StiRVATK)N

‘1’l)c  abili~y 10 wquirc  Itcqucnt  sn:ip shots ol icc velocity
is irl]p(wiir)[ for II)or}i[oring scawnal  or cpis(dic  cltar]gcs
irl glacier velocity. WC tmvc ud landcrn  IiRS dWI (0
docurllcnl a nlii~i-surge orl [bc Ryder Cllacicr, lvhich
oucurrcd irl (hc I;a[l of 1995.

t;igurc 3 slI(I\vs  (uo it](crlcrogltltl]s lII;I[ have hccn pro-
ccssd 1(J rctllow lopt)grapbic CIICCIS so 111:1( cwh Iringc
(ycllfnv-rwl  (rarlsi(iorl)  rcprcscnts  2.8 crn of displacc-



l;igLlrc  3. lt)lcrlcrograms ll-OlU lhc  Iasl ]noving aIca of” Ilw l<ydcl  (ilacicr  (a) bclorc  (2 I -22 Scptcnltwr  1995) and (tl) dur-
ing (26-27 OcltJbcr 1995)  a mini sLIIgc.  liauh (ringc is cquiv:llcn[  lo 7.2 cl)] f~l Il(wil.t)n(al displacx’mcnt  in (Ilc  across

(l-ark  dimli(m  or 3.() cm of vcr(ic:ll displaccincnl. Ilo[h itllcrlcrt)gmllls were acquired from data collcc(cd alotlg tl)c
sa[l)c dcsccndin.g  track.

Incnt diwctcd l(ward 01- :tw:iy lmll Illc radal.  ‘1’lm inlcr-

fct-ogram  Ir-om lhc Scplcmt)cr ot]scrw(i(m (l:igLlrc 3:1)

agwcs well will] anoltlcl- in[cl-[clograll) Ilotn lil<S- I

images  acquired in hlarch 1992 and appc:ils to rcprcsctl(
vclocily in the m)rnnal  Ilow mock  01 100-500 11)/yI  lot
most  of the glacier.

l ’ h e r e  arc s(riking dit’lcrcnccs  bclwccn ltlc Scplclnbct
and Oc(ot~cr  (~tmr~’a(i(ms  ovcl- (hc P[{s(-tllovillg  pc)tli(m
0 1  ltle g l a c i e r .  111 areas V.’tlclc w’c could LII)WI’:IIJ ttlc

pl)mc, wfc mcasLlrcd  dill’ctcnccs ot’ LIp (0 150 m/yr rcprc-
scn(ing a speed up of more lhan 50 pet’ccnl. ti)t” :1 Iat’gc
pul”l of the a r e a  Wt)cl”c \!’L’ COLlld 1)01 univrq) Il)c ptlasc,

lt)c f’ringc  dcnsily appears (()  h;ivc  at least lriplcd, indic-
ating incrcascs  in speed by a factor of lhlcc (w [Il(wc.

Ana lys i s  of at) it~tcrlcrograt]l  (no~ sh(wt~)  t’ot-()~cd (IOIH

il)}agcs  acq Llircd 8 and 9 Novclllt)cr  1995 oloI)g  iIII
asccndi[~g (rack indicate Itm( there was no Sigtli(icillll
cnlmnccd Il(wr al this lime. “1’IILIs,  ttlc mini -sul.gc appc:m
10 have started and ended sometime I>clw,ccn 22 Scplclll-
t>cr ad 8 November wi(ti cnhanccd  [lmv observed over
the inlcrwil  {rotn 26-27 Octol>cr.

‘1’hcw  is tilllc inlort]la(ioll” (m (hc tcInpmtl  vdri:it)ili(y  of

OLI(icl  g lac ie r  and icc s[rc:lm [low in (;rccn]dlld and An(-
amlica. OLlr rcsLllts indica(c (hat signi[ic:lnl vat i:llion c~ln
occLIr  and (hill sLlctl bchvior caIl hc ot)sclwd via sa[cl  -

Iitc  radar  intcrl’cromctry’. ‘1’1111S, ~1 lllo~l ill)] of l“C~Lll[ll

ot)sc[va(i(m  of many  OLIItcl  gtacicrs  coutd  h e l p  answ, cr

f’undon]cnldt  q u e s t i o n s  regarding (t)c scas(mdl  ad cj)i-
sodic  viii i;lt)ili(y  of” icc flow’.

5. CONCI,USIONS

S;ilcltitc r;dur inlcrl’cr(~nlctry  ptf~vidcs  an il]]porllinl 1001”

Iol” IIIC;ISIII  Il)g lilt VCloCl(y 111)([ (()[)()fld})[)~  \\’i([l LlllplCCC-

dcn(cd  spa(i:il (tcloil  ad covcr:lgr. A s  (I]c only chis[ing

d:ila  sC( wilt) sLlild)lc  lcinporal twsctincs Ior ]l)ca\uling

ice l]]()(i()n,  IIw liRS- t/2 and l;l{S - I icc :Ind coln[nissi(m-
il): plld~c d;i(a slK)LIld  bc fulty ckploi[ccl  1 0  pcovidc

ill)por(dll[ nciv  in f’orl]ldlion”  101- gl:(ci<)togical  Icscarc.11.
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